Background: Provision of care to patients with chronic diseases at their homes remains a great challenge for modern health care systems. Smartphone applications are indicated as one of the strategies that could improve care delivery to this group of patients. The aim of this study is to investigate the feasibility and usability of a proprietary application with a messaging service used by a primary care team attending chronic patients mainly at their homes.
Introduction
The care of chronically ill patients has become a major issue for health care systems of developed countries, which by their design, are not prepared enough to deal with the demand that these patients are now generating and will generate, even more, in the future [1] . According to a recent United Nations report, it is estimated that by 2050 the percentage of people over 60 will be around 21% of the world population and that 34% of the Europeans will be over 65 [2] . Scientific, health and social advances have contributed to this increase in the life expectancy of our societies and this has a growing impact on the demand and provision of health services. On the other hand, elderly people prefer to get old in their homes or at least in their community in which they are living [3] [4] [5] . Consequently, it is necessary to redefine care models to prioritize primary care in the community [6, 7] .
Along with sociodemographic changes, a "technological" revolution is undergoing and telemedicine, in particular m-health that favours personalization of care, facilitates that elderly patients continue to live in the comfort of their home while receiving adequate and ongoing care. Early initiatives have emerged to reform the type of care provided to the chronically ill, with a new structured, proactive and multidisciplinary approach, based on primary care and supported by a range of specialists, including geriatricians, community nurses, mental health and rehabilitation professionals; working in partnership with caregivers and social care professionals and sharing information, assessments, policies, training and learning [7] [8] [9] . However, while those technologies can greatly facilitate the care of the chronically ill, the communication methods used by health professionals often evokes to a period before the introduction of smartphones and social networks. The old communication systems have stopped being effective and smartphones are becoming new tools to increase and facilitate connections between health professionals. According to a recent UK study, over 90% of General Practitioners use smartphones and/or Tablet PCs during daily practice and feel comfortable with this [10] . WhatsApp is a popular mobile messaging application available on all smartphone platforms which is a model of innovation as a communication system in different disciplines, including health [11, 12] . Although WhatsApp seems to be a good tool to use in communication among clinicians, different authors have questioned their clinical safety [13, 
Methods

Study Design
We used a cross-sectional pilot study of a smartphone-based communication application in order to analyse the communication events among the team members of a primary care centre located in Tona (Barcelona) and we performed interviews to evaluate their satisfaction. The study was conducted between January 2016 and December 2016 and was approved by the University Institute in Primary Care Research Jordi Gol Ethics Committee (P16/178).
The application used (WhatsICS) is a Catalan Health Institute proprietary application that provides instant communication between health professionals in a group or individually and allow to share messages, videos, photos, voice notes, locations or handmade notes [15] . Data is stored in private secure servers owned by the public health care department to ensure privacy and preservation of health data, complying with international data protection laws. Devices' data is only synchronized when accessed through a logged registered account.
A convenience sample of two practice nurses, two general practitioners and a social worker from a primary care centre were recruited and received face-to-face training from a member of the research team on the use of the application. This training involved an initial session of approximately 45 minutes and subsequent support as required.
All communications performed relating to people attended at home by participants during the period of the study were eligible for inclusion. Professionals recruited were notified of their participation in the study with an Information Sheet and provided verbal consent which was documented on a consent log.
Data about the communications were collected, including initiators and receivers, types and clinical domains of communication used and response times according to the different types of communication, domains and clinical grades.
Analysis and statistics
In order to analyse the feasibility of using the application in primary care we explored different outputs of usability such as rates and characteristics of the initiator and recipient of the communications, their response time, the type of communication and the clinical domain of each episode. The contents of the messages were collected weekly through the web platform of the app and after all identifying data from the patients were eliminated, a mining procedure was carried out of the remaining texts. The study involved the entire population assisted at home by the working group, eliminating the potential for participant bias. The uninterrupted collection of data implies that selection bias was not a problem either. There was no observer bias or measurement bias in the ability to record.
Communication events were analysed using SPSS (version 18; IBM); Statistical significance was taken when P <0.05. Data on the communication frequency were analysed using the chi-square test and data on response times were analysed using Kruskal-Wallis test. The analysis of communication and clinical domains were carried out through the program Atlas.ti 7.5.7.
To understand the relevant barriers and enablers to use the application in primary care, a detailed process evaluation was carried out. Semi-structured interviews were conducted by telephone to recruited practice nurses, general practitioners and the social worker. Interviewees provided written informed consent. Interviews were audio-recorded, transcribed and analysed thematically by the research team. The analysis explored participants' views on the use of the smartphone application by primary care professionals during their working period. The interviews were completed when thematic saturation was achieved. The research team discussed and refined the analysis to reach a final consensus on the main themes in terms of barriers and enablers. Most of communications did not have a specified receiver or had multiple receivers, so they were attributed to the "team" and grouped together, this represented the largest number of communication events with 79.81% (CI95% 80.84-78.78), followed by the communications addressed to physicians 9.45% (CI95% 10.20-8.70), nurses 8.81% (CI95% 9.54-8.09) and social worker 1.92% (CI95% 2.28-1.57). The communication pattern of the team during the study is shown in Figure 2 .
The messages' contents were classified in four types of patterns: clinical questions, coordination, training and administrative question [16, 17] . Coordination issues were the most common type of communication events 40.31% (CI95% 41.57-39.05); followed by clinical questions 37.20% (CI95% 38.44-35.96). The clinical questions (n = 2,165; χ² = 6.114; P = .047) were mainly formulated by nurses (61.71%) and the administrative questions (n = 60; χ² = 29.195; P = 0.000) by practitioners (40%). The "team" was the recipient of the largest number of messages (n = 2,551; χ² = 24,195; P 0.000) and practitioners (52.97%) answered most clinical questions (n = 357, χ² = 24.111, P <.000). The analysis of the response times between the categories showed that there was a statistically significant difference in the response time of different types of professionals [H(2) = 15,608; P = 0.000], with an average response time of 1.48 (CI95 1.12-1.84) hours for general practitioners, 1.66 (CI95 1.25-2.08) for nurses and 2.43 (1.4-3.44) for the social worker. Subgroup analysis revealed significant differences between the professional category and the response time for clinical questions in which practitioners responded faster than nurses and social worker [H(2) = 11.199; P = 0.004]. There was also a significant interaction between the professional category and the response time for coordination questions in which nurses responded faster than general practitioners and social worker [H(2) = 15.036; P = 0.001]. Table 3 Qualitative results
In total, 5 semi-structured interviews were conducted across the two practices participating, comprising two nurses, two GPs and a social worker. Interviews ranged from 20 to 45 minutes. Key barriers and enablers for each group are summarized in Table 4 .
Nurses believed that the possibility of sending a message from the patients' home, getting a quick response was very useful:
It's perfect because you can comment on something with a colleague immediately, you do not have to look for him, you do not have to meet him, it is easy and saves a lot of time and it speeds up the visit... I recommend it General practitioners were in favour of using an application that allowed them to establish better control and supervision:
It grants a secure communication and it is much more practical to use WhatsICS than having to receive calls that continuously interrupt what you are doing... if you have a group and you share doubts about a patient this is the equivalent of commenting on the cases with the colleagues Social worker considered that WhatsICS facilitated the communication between the team and allowed to inform about patient's needs quickly.
It's a way of being several kilometres away and if you need it, you can communicate with the team and you know that a person or the team will respond to what you need... it's a great advantage.
All team members were in favour of continuing using WhatsICS in the future. When asked about the use of images sent by the application, they did not find any problem to make diagnoses using a picture taken from patients.
Discussion
Main findings
The results of this study provide a new and detailed examination of communication among members of a multidisciplinary primary care team through an smartphone's application and respond to the current need to evaluate new methods of communication in primary care [18] .
Interpretation of the study: Results in relation to existing literature
Studies have shown that patients can suffer considerable damage due to poor communication among health professionals [19, 20] Although some professionals fear that a tool like WhatsICS could require their attention during nonworking hours, the study shows that most com-munications are conducted during working hours. The team used the application only during working days, which is why only records were obtained in 198 days (80% of working days) instead of all calendar days. During the summer months, when team members took turns to cover their holidays, there was a reduction in the frequency of communications that recovered afterwards.
The study shows that clinical questions by nurses are answered faster than other types by practitioners. Nurses need to have a quick response from practitioners in other to feel secure in managing alone clinical demands from patients at their homes. Mobile-based innovations, such as our application, show that smartphone communication tools are effective in improving the need for multidisciplinary care for chronic patients at home [21] . Further technological development of health care communication systems will be necessary to include the integration of direct access to patient's clinic information [22] .
Strengths and limitations
The fact that WhatsICS is a proprietary application with adequate security and hard encryption systems, coupled with the fact that information is stored and maintained in public health servers, responds to the current concern about security guarantees of mobile messaging services in the transfer of sensitive data. The main limitation of the study could be that it was carried out, for reasons of feasibility, in only one primary care centre, which is also involved in other projects relating to the management of chronically ill patients, and this could affect the external validity of the study.
Implications for clinical practice
Smartphone application was accepted as a simple and efficient innovation to communicate within the team. Significant benefits were perceived through a system in which team members had a constant view of activities performed without active interference, allowing nurses to develop a degree of clinical independence with minimal risk for patient safety. Most communications were initiated by nurses and responded to team coordination needs. The qualitative analysis of the team's perceptions allowed a detailed exploration on the crucial role of relationship between professional categories within the team. According to the interviewees' opinion, WhatsICS increases the autonomy in decision making mainly by nurses, under the supervision of the general practitioner and contributes to improve the transmission of information relating to patients.
Conclusions
WhatsICS is a technologically safe and well accepted communication tool for professionals. This study establishes the basis for future implementation of this tool to improve chronic patient's care at home through the technology of smartphones.
• Proprietary health smartphone applications are safe technologically and well accepted by primary care professionals.
• Smartphone applications for communications amongst primary care professionals are especially useful on attending chronic patients at their homes.
• Safe smartphone applications allow nurses increase their degree of clinical independence with a quick response and minimal risk for patient safety.
